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1. Some Historical Overview
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H Ic. The “hot universe” below ~10 keV I |
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2. Glimpses of the Hard X-ray Universe
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The synchrotron X-rays from |

SN1006; Koyama et al. (1995)
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H 2b. Highli ghts from the ASCA GIS I
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H 2¢c. The GIS onboard ASCA I
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Our knowledge on diffuse hard X-ray sources 1s not much
improved beyond what we discovered with the ASCA GIS.
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2d. The HXD onboard ASZTO E2
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3. The Accelerating Universe

3a. Particle vs. radiation enereies
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H 3c. An empirical scaling law I

Crab Nebula Hi.lla.&; (1984)
SN 006 Makishima (1999)
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< Diffusive shock acceleration -- shell-like SNRs, blazars, -
jet-terminal lobes, GRB afterglows, starburst winds...

+ ¢ Direct electromagnetic acceleration -- rotation-powered

pulsars, solar/stellar flares, interplanetary phenomena,
Crab-like SNRs, jet initiation, ...

< Quasi-steady acceleration by celestial bodies moving in »
hot plasmas -- e.g. galaxies in a cluster or group; stars
in a galaxy (Galactic ridge/bulge),..

The motion of the bodies 1s hydrodynamically trans-
sonic (or subsonic), but super-Alfvenic in MHD sense
leading to a significant EM dissipation.
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4. Hard X-ray Imaging of Solar Flares

H 4a. The Yohkoh observatory (1991~2001) I

The Hard X-ray Telescope (Kosugi ef al. 1991), using modulation
collimators in Fourier-synthesis mode (Makishima+Oda 1978)

« 15-95 keV ;. AD=5"; A=0.5 sec

« Observed more than 2700 flares over the whole mission life.
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The HXT-H
band images
(every 1 sec)
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4c. A proposed scenario tor the
article acceleration 1n solar flares

Magnetic Hardest gamma-rays
reconnection with a photon index~1.4

Plasma

A broad pitch-angle
down-flow

distribution --> softer

gamma-rays with a
i photon index ~2.2

Collision with
mag. loop-top | -7

10,000 F Compton back-

scatt. hard X-rays
(no gamma-rays)

Shock or direct
acceleration

Matsumoto, Y., PhD Thesis (2003); Kotoku, J., PhD T hesis (2004):
Matsumoto et al. PASJ (2(%%%
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5. Scientific Goals 1n a Wider Scope

< W]

Sa. The Ehxsics of Ear‘[icle acceleration I

nat 18 the energy source and what 18 the overall energy

budget? What determines heating/acceleration ratio?
< How? Diffusive shock; Direct-electric? Quasi-static?

¢ Thermal --> supra-thermal --> non-thermal (e.g., Galactic
ridge XR, globular clusters, ..)

< Primary (bulk) acceleration and 2ndary acceleration.

% Is the particle vs. field equipartition realized or not?

< Are positive charges p* ore* 7 Are e”’s and p *'s accelerated

to

same energies,or same y, or?

< What fraction of the cosmic energy density 1s carried by

rel

ativistic particles? How about in the inter-galactic space?
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H 5c. The physics of energy non-equipartition I

< Particle acceleration exemplifies “evolution away
from equilibrium™ and “energy non-equipartition”,
often seen 1n astrophysics. Other examples include
stars and the universe itself.

<>Not known in other physical systems, but seen
ubiquitously among biological systems.

<-To characterize the role of long-range interactions
(gravitational and EM)

<To clarify the significance of the proton-electron mass
difference (broken symmetry)

<To search for equation of motion which governs these
evolving systems.
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The hard X-ray universe 1s full
of novel surprises that cannot be
accessed via other means. An

extension of the XEUS/Con-X

energy band into higher energies
would be highly desired.

2005 .Feb.24 XEUS/Con-X meeting



